More sensitive methods for diagnosing infection with Schistosoma japonicum are needed as control becomes more effective. We compared a real-time polymerase chain reaction (PCR) for stool samples with conventional diagnostic methods in a study of 1,727 persons from Anhui Province, China. Seroprevalence determined by using an indirect hemagglutination assay (IHA) was much higher (26.1%) than the prevalence in stool-based tests, which were 5.3%, 3.2%, and 3.0% for PCR, hatching test, and Kato-Katz thick smear, respectively. A large proportion of the positive stool samples were only positive in one or two tests. The PCR showed better agreement with IHA than the other two stool-based tests. A commonly used diagnostic algorithm with initial screening for antibodies and subsequent testing with the Kato-Katz thick smear of the seropositive results would have resulted in treatment of 22 people compared with 50 people if the PCR replaced the Kato-Katz thick smear. As prevalence and intensity decrease, the benefit of increased sensitivity using the PCR must be weighed against additional costs.
INTRODUCTION
Despite tremendous success in controlling Schistosoma japonicum in the past half century, the parasite is still a major public health concern in schistosomiasis-endemic countries, with China having the most cases. 1, 2 In most of the villages where infection occurs, the prevalence and average infection intensity is now low. 3 This finding creates a diagnostic dilemma because the usefulness of diagnostic tests commonly used in China, such as the Kato-Katz thick smear, the hatching test, and antibody detection, changes with the epidemiology of the disease. When endemicity is high, morbidity control is usually attempted through mass chemotherapy. [3] [4] [5] Under such circumstances, it is cost-effective to use a simple and cheap diagnostic test. High sensitivity is less important, and even high specificity is not vital because praziquantel is inexpensive and relatively safe. When the level of endemicity decreases, transmission control and interruption are desirable goals, but these strategies will accordingly require more sensitive and specific diagnostic tests. Inferior test performance will compromise the positive predictive value, which is vital for the design and execution of control efforts. 6 Kato-Katz thick smears are easy, quick, quantitative, inexpensive to perform, and have for several decades been successfully used to diagnose schistosomiasis and other helminth infections in highly endemic areas. 7 However, it has repeatedly been shown that the sensitivity of the Kato-Katz technique decreases with decreasing intensity of S. japonicum infection. 8, 9 For this reason, antibody detection in serum has been extensively used, especially the indirect hemagglutination assay (IHA) and the enzyme-linked immunosorbent assay with soluble egg antigen. [10] [11] [12] The main problem with this approach has been low specificity because of persistent antibodies from previous infections and cross-reactions with other helminth infections. A commonly used diagnostic strategy has therefore been to screen for antibodies and subsequently examine the stool of seropositive persons by using the Kato-Katz or hatching test. 3 Only those persons who have positive results in the latter tests are treated.
The polymerase chain reaction (PCR) has the potential for high sensitivity and specificity. Pontes and others reported the first use of PCR for detection of S. mansoni in a population study. 13 A few Schistosoma PCR assays for diagnosing human cases have been reported, but with a single exception, they have all been applied only to a limited number of clinical samples. 14 This finding is also true for three PCR assays used for detection of S. japonicum in humans. [15] [16] [17] [18] Thus, the epidemiologic situation makes the search for improved diagnostic tests especially relevant for this species. We evaluated a probebased real-time PCR as a diagnostic alternative and compared it with the Kato-Katz test, the hatching test, and the IHA with clinical samples from China.
MATERIALS AND METHODS

Study population and sample collection.
The study population was recruited from the Guanghui and Heping villages in Laozhou Township, which is located on an island in the Yangtze River in Tongling County, Anhui, China. Serum was collected in capillary tubes from the ear lobe. The Kato-Katz test, the hatching test, and the PCR were performed with one stool sample. The Kato-Katz test, the hatching test, and the IHA were performed by experienced technicians at the Anhui Institute of Parasitic Diseases. Extraction of DNA for the PCR was conducted at the same institute, and PCR amplification was performed at the institution of the first author. Informed consent was obtained from the participants. Ethical approval was provided by the village leadership, the Scientific Committee at Anhui Institute of Parasitic Diseases, and the Tongling County Health Bureau. Participants who were positive were treated with one oral dose of praziquantel (40 mg/kg) (Nanjing Pharmaceutical Factory, Nanjing, China).
Indirect hemagglutination assay. Antibody detection was performed by using the IHA and a kit containing human erythrocytes coated with soluble egg antigen. The kit is commercially available from the Anhui Provincial Institute of Parasitic Diseases (Wuhu, China). The test procedure was as described by Zhou and others. 12 The test result was considered positive when a positive reaction appeared at a titer ≥ 1:10.
Real-time PCR. Plastic spoons were used to measure a stool volume equivalent to one gram. DNA was extracted by the use of rapid one-step extraction buffer and ethanol precipitation as described. 17, 18 The PCR was based on a previously evaluated assay targeting the mitochondrial NADH dehydrogenase I gene, but with new primers and probe-based detection to maintain high specificity. 17, 18 The consensus sequence from alignment of NADH dehydrogenase I gene sequences from S. japonicum (GenBank accession nos. AF215860, AF056291-96, and AF056288-90) covering seven geographic locations in China and The Philippines were used as basis for primer and probe design. [19] [20] [21] Alignment was performed using SeqMan version II 5.05 Lasergene software (DNASTAR, Madison, WI).
The new primers and probe were designed using Primer Express version 3.0 software (Applied Biosystems, Foster City, CA). The primer set F-SJ-ND1 (forward: 5′-ACTGGTTA TGGTTTGTTGATGTTAGGT-3′) and R-SJ-ND1 (reverse: 5′-AGCCACACGAACAGCACTAATC-3′) synthesize a 75-basepair amplicon. The probe was a minor groove binding probe, MGB-SJ-ND1 (Applied Biosystems): 6-FAM-5′-AGGTTCTTGGAAAAAGTAT-3′-MGBNFQ (MGBNFQ is a minor groove binder/non-fluorescent quencher). The reaction mixture consisted of 5 μL of DNA template, 12.5 μL of TaqMan Universal PCR Master Mixture (Applied Biosystems), 300 nM of each primer, 250 nM of probe, 2 μL of bovine serum albumin (Promega, Madison, WI), and distilled water to give a final volume of 25 μL.
The cycle protocol consisted of incubation at 50°C for 2 minutes, 95°C for 10 minutes, and 50 cycles at 95°C for 15 seconds and 60°C for 1 minute. A 7300 Real Time PCR System thermal cycler with accompanying SDS software (both from Applied Biosystems) was used. The PCRs were carried out in duplicate for every sample. Samples that were positive in only one PCR were tested in triplicate, and the test result was regarded as positive when at least one of these triplicate results was positive. As a result of this modification, 12 samples had to be retested, of which 5 were regarded as having positive results after the second run. We found the PCR amplification curves easy to classify into positive and negative results. Non-template controls, with water instead of DNA template, were included in all runs to check for contamination.
Sensitivity for different egg counts was examined by spiking one-gram stool samples with various numbers of S. japonicum eggs recovered from mice livers. 17 The 46 samples contained 1,000 eggs (n = 2), 100 eggs (n = 8), 50 eggs (n = 13), 10 eggs (n = 7), 5 eggs (n = 7), and 1 egg (n = 9). The PCR result was positive for all the samples except for one sample that contained one egg per gram (epg) of stool.
The PCR specificity was tested in three types of material. The first type was DNA extracted from adult worms of the following species: S. japonicum (Anhui strain), S. mansoni , S. haematobium , S. bovis , and Opisthorchis viverrini . The S. japonicum strain was PCR positive, and the other Schistosoma species and O. viverrini were PCR negative. The second type was the study database that was searched for samples that were Kato-Katz positive for other helminth eggs, but negative for S. japonicum by the Kato-Katz test, the hatching test, and the IHA. We found 6 samples containing Ascaris lumbricoides and 34 containing Trichuris trichiura . All 40 samples were PCR negative. The third type was DNA extracts from 29 bacterial and yeast species in stool (all from American Type Culture strains; LGC Standards AB, Boras, Sweden) and human DNA from two cell lines (MRC-5 and HE). All 31 samples were PCR negative.
Hatching test and Kato-Katz thick smear. The hatching test was conducted by transferring approximately 30 grams of stool into a metal container with a coarse metal mesh. Fine material was flushed into a fine-meshed nylon bag by using flowing water and a stirring stick. Sediment was washed by flushing with water until the water was clear and by stroking the outside of the bag with chopsticks. The content of the bag was then transferred to an Erlenmeyer flask containing 300 mL of non-chlorinated water from the Yangtze River. The flasks were left in a well-lit room at approximately 28°C and checked by two of the staff for swimming miracidia after 4, 6, 8, and 24 hours by using a strong light that illuminated the back or side of the flasks.
The Kato-Katz thick smear was performed as described by using nylon screens and plastic templates (Zhejiang Ningbo Medical Instrument Factory, Ningbo, China). 11 Three slides (41.7 mg each) were prepared from one stool sample from each person and examined within a week.
Data analysis. Data were stored in an Excel 2002 spreadsheet (Microsoft Corp., Redmond, WA) and analyzed with SPSS version 14.0 for Windows software (SPSS, Inc., Chicago, IL). Only stool samples with results from all three stool-based tests were selected to examine the agreement between the three tests (n = 1,106; Figure 1 ). The value of κ was calculated using (Po − Pe)/(1 − Pe). 22 To calculate effects on patient treatment by changing from a traditional IHA/Kato-Katz-based algorithm to a strategy based on the IHA and PCR, we selected all samples with available results for IHA, Kato-Katz, and PCR (n = 942). 
RESULTS
Prevalence and egg counts. Samples were collected from 1,727 persons (52% males and 48% females, age range = 6-84 years, mean = 40 years). Results from all diagnostic tests were not available for the whole study population. The total number of samples tested, number of positive samples, and prevalence of S. japonicum determined by using the three diagnostic tests are shown in Table 1 .
The 46 Kato-Katz-positive samples could be divided into 3 egg count groups: 26 samples (57%) with < 40 epg, 15 samples (33%) with 40-99 epg and 5 samples (11%) with > 99 epg. The lowest possible egg count in this study was 8 epg because this value represents 1 egg per 3 Kato-Katz slides. There were 9 samples with 8 epg and 7 with 16 epg (total of 2 eggs per 3 slides).
Agreement between tests. The degree of agreement between positive results from the three stool-based tests is shown in Figure 1 . A total of 52% of the PCR positive samples were positive only by the PCR. The corresponding values for the Kato-Katz and hatching tests were 49% and 33%, respectively. Calculation of the strength of agreement resulted in a value of κ = 0.32 the between the PCR and Kato-Katz test, 0.43 between the PCR and hatching test, and 0.34 between the Kato-Katz and hatching tests.
Agreement between IHA and stool-based test results is shown in Figure 2 . This figure shows the proportion of positive IHA results in samples positive in each of the three tests and the proportion of positive IHA results in samples where one test result was positive and the other test result was negative.
The proportion of positive IHA results increased with increasing egg count. In samples with less than 20 epg (n = 13) 31% were IHA positive, with 20-100 epg (n = 24) 58% were IHA positive, and with > 100 epg (n = 5) 80% were IHA positive.
Treatment algorithm. If the Kato-test had been used in a traditional treatment algorithm (screening with IHA and testing the seropositive samples with the Kato-Katz test), it would have resulted in treatment of 22 persons. Nineteen patients who were Kato-Katz positive but IHA negative would not have received treatment. If the PCR had been used as the stool-based test, 50 persons would have been treated, and 13 persons who were PCR positive but IHA negative would not have been treated.
DISCUSSION
Consistent with the increasing success of the schistosomiasis control program in China, making a reliable diagnosis with the methods used has become increasingly problematic. In search of a diagnostic alternative, we compared a real-time PCR with the Kato-Katz thick smear, hatching test, and IHA, which are diagnostic tests commonly used in the schistosomiasis control program in China. In a large nationwide survey in China during 2004, the average S. japonicum prevalence in humans was 2.5% in villages classified as endemic for schistosomiasis. In more than half of the villages, the prevalence was < 1%. The average egg output was 33 epg. 3 Such low prevalence and low egg output is a huge challenge for use of diagnostic tests. Performance of diagnostic tests is often evaluated in populations with higher S. japonicum prevalence than what is now most common in China. 9, [23] [24] [25] The predictive value of a test cannot automatically be transferred between two populations with different prevalences.
In the present study, the prevalence ranged from 3.0% to 5.3%, depending on the stool-based test used. The PCR test gave a higher prevalence of S. japonicum infections than the Kato-Katz and hatching tests. Pontes and others reported the prevalence of S. mansoni to be 30.9% in 3 stool samples examined with duplicate Kato-Katz smears in contrast to 38.1% in one sample examined by PCR. 13 In Senegal, ten Hove and others found that a PCR with two stool samples resulted in lower S. mansoni prevalence (73% versus 80%) than the Kato-Katz test with the same two samples (duplicate 25-mg smears from each sample). 14 However, these results can not be compared directly to the present study because the assay and the epidemiology are different.
A surprising finding in our study was the low overall agreement between the three stool-based tests and their large variation in concordance with the IHA. The total number of positive samples detected by the Kato-Katz and hatching tests was almost the same, but the results corresponded in less than half of all cases. Low agreement between S. japonicum diagnostic tests was also evident in earlier studies. 11, 12 Several explanations may account for the discrepancies in the results among the different test methods. The reproducibility of test results will be compromised when egg content in each sample is close to the detection limit of the tests. In the present study, 35% of the Kato-Katz-positive samples had only one or two eggs on 3 slides (< 20 epg). The PCR uses a larger sample than the Kato-Katz test, but even one gram amounts to only approximately 0.6% of the daily stool output in a person in China. 26 An even larger amount of stool is examined in the hatching test, but hatchability, and thus sensitivity of the assay, may be influenced by a number of ill-defined factors. 11, 27 Finally, the uneven distribution of S. japonicum eggs within stool samples may further lead to discrepancies between test results. 8 An alternative explanation for discordant test results may be low specificity for one or more of the tests, leading to falsepositive results. Figure 2 shows that IHA results correlate better with PCR results than with Kato-Katz results. The Kato-Katz test is often used as a diagnostic gold standard and is regarded as having close to absolute specificity. 11, 12 Brinkmann and others have shown that this finding is not always the case in large-scale control programs for S. mansoni and S. haematobium . 29 Because S. japonicum egg are round and have fewer conspicuous characteristics than S. mansoni eggs, we consider it plausible that misdiagnosis may occur, especially in cases with only 1 egg on 3 slides. In the present study, we found better agreement between the Kato-Katz test and IHA in samples with high egg counts than in samples with low egg counts. This finding may indicate a higher number of false-positive Kato-Katz test results in the group with low egg counts. An alternative explanation is that IHA has lower sensitivity when egg counts are low. 12 Evaluation of stool-based methods is further complicated by the uncertain status of the IHA as a gold standard for past or present Schistosoma infections. Low specificity of the IHA in previous studies may in part be explained by use of a limited number of Kato-Katz smears or hatching of low sensitivity as the gold standard. Yu and others reported an IHA sensitivity and specificity of 80% and 48%, respectively, using a comprehensive stool examination with duplicate Kato-Katz slides from 7 stool samples and hatching as the gold standard. 11 The diagnostic strategy for schistosomiasis must change as control of the parasite progresses in an area. 30 The two-step algorithm commonly used in China, with an antibody test followed by the Kato-Katz test of samples from patients who were seropositive, may not be appropriate as prevalence continues to decrease. In the present study, nearly half of the Kato-Katz-positive cases would not have received treatment if this traditional algorithm was used. It remains uncertain whether the main problem in this situation is false-positive Kato-Katz results or false-negative IHA results. More than twice as many persons would have received treatment if the PCR had replaced the Kato-Katz test in the diagnostic algorithm. Performance of the Kato-Katz test and to a lesser extent the hatching test is dependent upon the experience of the technician, while objective criteria can be made for a positive PCR. We have demonstrated the use of an inexpensive, non-commercial DNA extraction method applicable to local laboratories with limited resources. Amplification and detection can be centralized to larger facilities. As DNA-based diagnostic technologies are developed to become simpler and more affordable, they will be available in many laboratories, even in less affluent countries. However, it still is an expensive diagnostic alternative.
A satisfactory diagnostic algorithm for low-intensity S. japonicum infections in schistosomiasis-endemic areas has yet to be determined. More research in this field is needed to evaluate diagnostic algorithms with traditional tests and search for new methods. Diagnosing such infections will benefit patients and help to eliminate the parasite reservoir and assess if and to which degree transmission is still occurring. 31 As prevalence decreases, additional measures to reduce transmission, such as infection control in the animal reservoir, improved sanitary conditions, and health education, will be of increasing importance. 32 Received May 8, 2009. Accepted for publication June 10, 2009.
